Post-mastectomy autologous reconstruction with abdominal tissue has evolved over the past 4 decades and is a common reconstructive modality today. To gain more insight into this evolution, we performed an analysis of the 100 most commonly cited articles focusing on autologous breast reconstruction with transverse rectus abdominis musculocutaneous (TRAM) or deep inferior epigastric perforator (DIEP) flaps. A review of the ISI Web of Knowledge database was performed. Only peer-reviewed articles in English were included for analysis. Articles were ranked by their total citations as well as citation density (citations divided by years since publication). The 100 most cited articles were analyzed by their bibliographic parameters. The 100 most cited articles were published in 12 journals. The highest ranked plastic surgery journal published almost 2/3 of the articles. All articles were published within 23 years and marked the "rising age" of autologous breast reconstruction with TRAM and DIEP flaps. The focus of clinical research changed over this time period and ranged from innovations in surgical technique to analysis of clinical outcomes, comparative analyses with other reconstructive modalities, timing of reconstruction, and preoperative diagnostic workup, as well as cost-effectiveness analyses. This literature review illustrates the dramatic change that has occurred subsequent to introduction of abdominal flaps for breast reconstruction. While the use of abdominal flaps has become widely accepted for breast reconstruction, many questions remain unanswered, thus highlighting the need for ongoing clinical investigation.
Background
Breast cancer remains the leading cancer entity in women and is the second most common cancer worldwide [1] [2] [3] [4] . The American Cancer Society estimates there were >260 000 new cases of invasive breast cancer in 2018 in the United States alone [5] . Despite significant therapeutic advances, mastectomy remains a cornerstone of breast cancer treatment [6] . Additionally, increased breast cancer awareness, as well as the use of genetic testing, has resulted in an increase in the number of women seeking prophylactic mastectomy [7, 8] . The negative impact of mastectomy on physical and psychological well-being is beyond dispute, and numerous studies have demonstrated the benefit of post-mastectomy reconstruction [9] [10] [11] . In particular, the high long-term patient satisfaction associated with autologous reconstruction is noteworthy [10] .
For decades, the pedicled latissimus dorsi flap described by Tansini (1906) and rediscovered by Olivari (1976) was a common approach for autologous breast reconstruction [12] [13] [14] . The abdomen as a tissue source was first described by Holmstroem, who reported his experience with the free transverse rectus abdominis musculocutaneous (TRAM) flap in 1979 [15] . Interestingly, it was not until Hartrampf et al. described the pedicled TRAM flap in 1982 that the abdomen became the preferred donor site for autologous breast reconstruction [16] . The ability to harvest the abdominal soft tissues in a muscle-preserving fashion, as initially reported by Koshima and Sueda, ushered in the era of perforator flap-based breast reconstruction that was championed and popularized by Allen et al. and Blondeel et al. [17] [18] [19] . Progressive experience with this reconstructive modality has resulted in the autologous breast reconstruction now widely performed, even in the elderly population, as well as extremes of body weight [20, 21] .
In light of the prevalence of autologous breast reconstruction, we felt it prudent to reflect on the landmark articles that have shaped contemporary breast reconstruction.
Material and Methods
Assuming a correlation between the importance of an article and its number of citations, we sought to identify the 100 most cited peer-reviewed articles on autologous breast reconstruction with TRAM or DIEP flaps. We queried the ISI Web of Knowledge database (v.5.21.1, Thomson Reuters, New York, USA) with the period of interest ranging from January 1979 to December 2015. The following keywords were utilized: "breast reconstruction TRAM flap" OR "breast reconstruction transverse rectus abdominis muscle flap" OR "breast reconstruction DIEP flap" OR "breast reconstruction deep inferior epigastric perforator flap". The search was performed in July 2016 and was limited to articles in English.
Following a preliminary review of titles and abstracts by 2 independent reviewers, articles meeting inclusion criteria underwent a full-text review. Discrepancies were resolved by consensus. Included articles were then ranked based on the number of citations.
A ranking of the 100 most cited articles was generated. If 2 articles had an identical citation count, the articles were ranked by their citation density (citations per year since publication). Additional parameters retrieved included the title, journal, publication year, number of authors and country of origin (of the first author), total number of citations as well as the citation density (citations per year since publication). Papers were additionally categorized according to the type of study (multicenter vs. single-center, prospective vs. retrospective, review, case report, experimental study) and clinical focus. Graphs were generated using Excel (Microsoft Corp., 2016).
Results
The initial search retrieved a total of 1984 articles, of which 1910 were in English. Table 1 demonstrates the 100 most cited articles on autologous breast reconstruction with TRAM and/or DIEP flaps. These were published in 12 different journals. However, substantial heterogeneity was noted, as 68 of the 100 articles were published in Plastic and Reconstructive Surgery, followed by 8 articles in Annals of Plastic Surgery. The remaining 24 articles were distributed across the 10 journals (Figure 1 ).
The most frequently cited (512 total citations) paper was published in 1994 by Allen and Treece, describing the surgical technique of DIEP flaps [17] . The oldest paper was published in 1989 with 200 total citations and compared conventional to free TRAM flap for immediate breast reconstruction [22] . The most recent paper in our ranking was published in 2012 with 56 citations and described lower abdominal flap breast reconstruction with simultaneous lymph node transfer for management of post-mastectomy lymphedema [23] (Figure 2 ). The largest number of articles (10 articles) in our ranking was published in the year 2000 [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] (Figure 2) . Moreover, these articles were increasingly cited until cumulative citations reached a peak of 1107 citations per year by 2010 (99 out of 100 articles) (Figure 3 ).
To account for the fact that more recently published articled had less time to be cited, we calculated the citation density (citations divided by years since publication) in addition to the absolute number of citations (Table 1) . Interestingly, the effect of the contribution by Allen and Treece is evidenced by the fact that their article remains at the top of the list, even after incorporation of the citation density data. Table 2) .
Analysis of the geographic origin of the respective articles revealed that the vast majority (71 of the 100 articles) were published by groups in North America (Figure 4 ). Authors from Europe published 23 articles, followed by Australia (3 articles), Canada (2 articles), and Japan (1 article).
We also analyzed the number of authors per article ( Figure 5 ). Most articles were published by more than 2 authors, with the largest number of authors being 11 in an article published in 1994 [35] . Only 6 articles were published by a single author and 11 articles by 2 authors ( Stephen S. Kroll was the first author of 11 articles in our ranking (Table 1) . Furthermore, 36 articles were published by the In the ISI Web of Knowledge data base the 100 most cited articles for autologous breast reconstruction with TRAM or DIEP flaps were searched. By analyzing the abstracts inclusion and exclusion was made. All articles are in English language and published in a peerreviewed journal. Articles were ranked based on the total citations (RTC) and the citation density (citations per year since publication; RCD). RTC -rank total citations; RCD -rank citation density; PY -publication tear; TC -total citations; CD -citation density; 
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same leading author 2 or more times. The majority of studies were retrospective (71 articles). The remaining studies included 20 prospective studies, 1 case report, 3 experimental studies, and 5 reviews. The articles could be furthermore divided into 89 single-center and 7 multicenter studies.
Studies most commonly focused on indications for TRAM/DIEP flaps, postoperative complications, preoperative diagnostics, and perioperative risk factors. Sixty-two articles reported on peri-/postoperative complications and associated risk factors. Twenty-six articles particularly investigated the issue of donor site morbidity. While earlier studies evaluated advantages of DIEP flaps compared to free TRAM flaps [36] or free TRAM flaps compared to conventional TRAM flaps [37, 38] with respect to effect on abdominal wall function, more recent studies focused on muscle-sparing TRAM and DIEP flaps [39, 40] . These results suggest that contrary to free and conventional TRAM flaps, which lead to a higher rate of abdominal bulging or hernia, muscle-sparing 
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TRAM, and DIEP flaps are equivalent in terms of abdominal wall morbidity.
The most prevalent risk factors leading to complications such as flap necrosis, reoperation, or abdominal issues were radiation (16 articles), obesity (10 articles), and smoking (7 articles). DIEP and TRAM flaps were directly compared to each other in 10 articles, while they were compared to other autologous or alloplastic breast reconstruction techniques in 25 articles. Twenty articles included description of surgical technique, anatomical or experimental studies, or reported on flap success. Another important topic was immediate breast reconstruction (16 articles), which was associated with higher complications rates [41, 42] , lower resource costs [43] , and superior aesthetic and psychosocial outcome compared to delayed procedures [37, 44] . More recent studies emphasize the effect of breast reconstruction on Figure 5 . We recorded all authors from the ISI Web of Knowledge database for every article in our ranking of the most cited articles for autologous breast reconstruction. Six articles were published by 1 author. In contrast, 1 article had a maximum of 11 authors.
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quality of life and patient satisfaction (9 articles), imaging tools (10 articles), cosmetic outcome (2 articles), resource costs (3 articles), and recipient vessels (2 articles). Current imaging tools include preoperative CT angiography for identification of perforators (7 articles) and laser-assisted indocyanine green imaging for intraoperative perfusion mapping (1 article) ( Table 1) .
Discussion
Breast cancer is the leading cancer entity in female patients and has been the second most common cancer for decades [45, 46] . The high incidence and prevalence of this disease entity is paralleled by an increasing awareness of reconstructive options after mastectomy. The increasing demand is further reflected by an increasing number of breast reconstructions being performed annually [47] .
Although tremendous advances have also been made in the field of implant-based breast reconstruction, the focus of our analysis was on autologous breast reconstruction with abdominal tissue, specifically TRAM and DIEP flaps. Among the most commonly cited articles, study objectives included clinical outcomes data (specifically postoperative complication rates) [28] [29] [30] 36, 39, 42] , comparative analyses with other reconstructive techniques [10, 24, 42, 44, 48] , and description of surgical techniques, including experimental and anatomical studies [17, 18, 23, 29, 35, 49] (Table 1) .
Due to recent microsurgical advances, breast reconstruction techniques have developed from a flap safety-based approach using pedicled or free TRAM flaps to more perforator-based flaps and super-microsurgery due to co-factors like donor-site morbidity [50] and lymphedema [23] . Furthermore, novel imaging technologies such as intraoperative perfusion mapping have increased the safety profile of the procedure and have allowed for more predictable results to be achieved [51] . While experimental (e.g., tissue-engineered) options for breast reconstruction have been theorized, they are not yet available for clinical application [52] .
In the early period of autologous breast reconstruction with abdominal tissue, authors from the United States, Belgium, Sweden, and Japan were at the forefront of developing these surgical techniques [15, 17, 18, 53] . While the pedicled TRAM flap as described by Hartrampf 1982 has been frequently cited and described as the origin of modern autologous breast reconstruction, it is important to acknowledge that the free TRAM flap was described earlier by Holmstrom, in 1979 [15,16] .
It is interesting that the first articles in our ranking were published in 1989, 10 years after the initial TRAM techniques were described. This may be because scientific progress cannot always be described in terms of breakthroughs or landmark publications alone, since a finding may at times not immediately be recognized as a breakthrough until decades later. Regardless, the description of a perforator-based abdominal flap harvest in 1989 certainly was a "starting-signal" for the propagation of the abdominal donor site as a reliable source for autologous breast reconstruction. Since then, surgeons from the United States have dominated the literature on autologous breast reconstruction with TRAM and DIEP flaps, as evidenced by the fact that 2/3 of the most cited articles have been published by authors/institutions from the United States (Figures 4, 5 ).
During our analysis of the literature, the impressive evolution of progressively less morbid techniques of abdominal flap harvest became evident. The transition from pedicled TRAM flap harvest to muscle-sparing techniques and finally perforatorbased approaches has not only resulted in a progressive decrease in abdominal wall morbidity, but also highlights the innovative nature of our specialty.
All articles in our ranking were published within the 23-year period from 1989 to 2012, with a peak of total citations being noted in 2010 (Figures 2, 3) . Our results show that a substantial lag period can exist between publication of a novel technique and widespread clinical adoption. Naturally, when it comes to reporting long-term data on pedicled TRAM flaps outcomes, a number of articles appeared decades after free flaps have been published and after free flaps have become a prevalent technique in the interim. Because of the latency of long-term reports, our review included all 3 prevailing techniques in our ranking. Hence, longterm analyses of pedicled and free TRAM flaps coincide with the period of comparative analyses of free TRAM vs. DIEP flaps.
Limitations of our study are related to the design, which includes a single electronic database. However, we believe that the database chosen is comprehensive and, hence, do not believe that highly cited articles eluded us. Of course, the quality of the included studies determines the quality of any literature review. However, since we did not perform a quantitative analysis, but rather provide a descriptive report of highly cited studies, this concern is not particularly relevant.
We believe that this study provides a general overview of the most cited articles on autologous breast reconstruction with TRAM and DIEP flaps and highlights the various areas of study.
Conclusions
This literature review illustrates not only the dramatic change that has occurred subsequent to introduction of abdominal flaps for breast reconstruction, but also the lag period from publication to widespread clinical adoption of a particular
